'WW  ro!?  PI,'ldL'f%Ttf)w*.^g,4Q|^ 


NATIONAL  BUREAU  OF  STANDARDS  REPORT 

10  409 


STRUCTURAL  EVALUATION  OF  STEEL  FACED 
SANDWICH  PANELS 


A Report 
Prepared  for  the 

Office  of  Research  and  Technology 
Department  of  Housing  and  Urban  Development 


U.S.  DEPARTMENT  OF  COMMERCE 

NATIONAL  BUREAU  OF  STANDARDS 


NATIONAL  BUREAU  OF  STANDARDS 


The  National  Bureau  of  Standards^  was  established  by  an  act  of  Congress  March  3, 
1901.  The  Bureau’s  overall  goal  is  to  strengthen  and  advance  the  Nation’s  science  and 
technology  and  facilitate  their  effective  application  for  public  benefit.  To  this  end,  the 
Bureau  conducts  research  and  provides;  (1)  a basis  for  the  Nation’s  physical  measure- 
ment system,  (2)  scientific  and  technological  services  for  industry  and  government,  (3) 
a technical  basis  for  equity  in  trade,  and  (4)  technical  services  to  promote  public  safety. 
The  Bureau  consists  of  the  Institute  for  Basic  Standards,  the  Institute  for  Materials 
Research,  the  Institute  for  Applied  Technology,  the  Center  for  Computer  Sciences  and 
Technology,  and  the  Offic0.ior  Information  Programs. 

THE  STANDARDS  provides  the  central  basis  within  the 

United  States  of  a complete  and  consistent  system  of  physical  measurement;  coordinates 
that  system  with  measurement  systems  of  other  nation^;  and  furnishes  essential  services 
leading  to  accurate  and  uniform  physical  measurements  throughout  the  Nation’s  scien- 
tific community,  industry,  and  commerce.  The  Institute  consists  of  a Center  for  Radia- 
tion Research,  an  Office  of  Measurement  Services  and  the  following  divisions: 

Applied  Mathematics — Electricity — Heat — Mechanics — Optical  Physics — Linac 
Radiation^ — Nuclear  Radiation- — Applied  Radiation- — Quantum  Electronics^ — 
Electromagnetics^ — Time  and  Frequency^ — Laboratory  Astrophysics^ — Cryo- 
genics^. 

THE  INSTITUTE  FOR  MATERIALS  RESEARCH  conducts  materials  research  lead- 
ing to  improved  methods  of  measurement,  standards,  and  data  on  the  proj>erties  of 
well-characterized  materials  needed  by  industry,  commerce,  educational  institutions,  and 
Government;  provides  advisory  and  research  services  to  other  Government  agencies; 
and  develops,  produces,  and  distributes  standard  reference  materials.  The  Institute  con- 
sists of  the  Office  of  Standard  Reference  Materials  and  the  following  divisions; 

Analytical  Chemistry — Polymers — Metallurgy — Inorganic  Materials — Reactor 
Radiation — Physical  Chemistry. 

THE  INSTITUTE  FOR  APPLIED  TECHNOLOGY  provides  technical  services  to  pro- 
mote the  use  of  available  technology  and  to  facilitate  technological  innovation  in  indus- 
try and  Government;  cooperates  with  public  and  private  organizations  leading  to  the 
development  of  technological  standards  (including  mandatory  safety  standards),  codes 
and  methods  of  test;  and  provides  technical  advice  and  services  to  Government  agencies 
upon  request.  The  Institute  also  monitors  NBS  engineering  standards  activities  and 
provides  liaison  between  NBS  and  national  and  international  engineering  standards 
bodies.  The  Institute  consists  of  the  following  divisions  and  offices; 

Engineering  Standards  Services — Weights  and  Measures — Invention  and 
Innovation — Product  Evaluation  Technology — Building  Research — Electronic 
Technology — Technical  Analysis — Measurement  Engineering — Office  of  Fire 
Programs. 

THE  CENTER  FOR  COMPUTER  SCIENCES  AND  TECHNOLOGY  conducts  re- 
search and  provides  technical  services  designed  to  aid  Government  agencies  in  improv- 
ing cost  effectiveness  in  the  conduct  of  their  programs  through  the  selection,  acquisition, 
and  effective  utilization  of  automatic  data  processing  equipment;  and  serves  as  the  prin- 
cipal focus  within  the  executive  branch  for  the  development  of  Federal  standards  for 
automatic  data  processing  equipment,  techniques,  and  computer  languages.  The  Center 
consists  of  the  following  offices  and  divisions: 

Information  Processing  Standards — Computer  Information — Computer  Services 
— Systems  Development — Information  Processing  Technology. 

THE  OFFICE  FOR  INFORMATION  PROGRAMS  promotes  optimum  dissemination 
and  accessibility  of  scientific  information  generated  within  NBS  and  other  agencies  of 
the  Federal  Government;  promotes  the  development  of  the  National  Standard  Reference 
Data  System  and  a system  of  information  analysis  centers  dealing  with  the  broader 
aspects  of  the  National  Measurement  System;  provides  appropriate  services  to  ensure 
that  the  NBS  staff  has  optimum  accessibility  to  the  scientific  information  of  the  world, 
and  directs  the  public  information  activities  of  the  Bureau.  The  Office  consists  of  the 
following  organizational  units; 

Office  of  Standard  Reference  Data — Office  of  Technical  Information  and 
Publications — Library — Office  of  International  Relations. 


' Headquarters  and  Laboratories  at  Gaithersburg,  Maryland,  unless  otherwise  noted;  mailing  address  Washing- 
ton, D.C.  20234. 

- Part  of  the  Center  for  Radiation  Research. 

3 Located  at  Boulder,  Colorado  80302. 


NATIONAL 

NBS  PROJECT 

4213450 


BUREAU  OF  STANDARDS  REPORT 

NBS  REPORT 

10  409 


STRUCTURAL  EVALUATION  OF  STEEL  FACED 
SANDWICH  PANELS 


by 

J.  H.  Pielert,  Structures  Section 
T.  W.  Reichard,  Structures  Section 
L.  W.  Masters,  Materials  Durability  and  Analysis  Section 

Building  Research  Division 
Institute  of  Applied  Technology 
National' Bureau  of  Standards 


' A Report 
Prepared  for  the 

Office  of  Research  and  Technology 
Department  of  Housing  and  Urban  Development 


IMPORTANT  NOTICE 


NATIONAL  BUREAU  OF  S' 
for  use  within  the  Government, 
and  review.  For  this  reason,  tt 
whole  or  in  part,  is  not  authc 
Bureau  of  Standards,  Washing' 
the  Report  has  been  specificall; 


Approved  for  public  release  by  the 
director  of  the  National  Institute  of 
Standards  and  Technology  (NIST) 
on  October  9,  2015 


3SS  accounting  documents  intended 
i subjected  to  additional  evaluation 
j listing  of  this  Report,  either  in 
le  Office  of  the  Director,  National 
by  the  Government  agency  for  which 
copies  for  its  own  use. 


U.S.  DEPARTMENT  OF  COMMERCE 

NATIONAL  BUREAU  OF  STANDARDS 


STRUCTURAL  EVALUATION  OF  STEEL  FACED  SANDWICH  PANELS 


Prepared 

by 

J.  H.  Pielert,  Structures  Section 
T.  W.  Reichard,  Structures  Section 
L.  W.  Masters,  Materials  Durability 
and  Analysis  Section 


Reviewed  by 


Dr.  Richard  N.  Wrigl 
Chief,  St  metres  Section 

Dr.  h.  Pfrang 


Chief 


ir.  Samuel  Kramer 
Federal  Building  Research 
Program  Coordinator 


ing  Technology 


Approved  by 


{ James  R.  Wright,  Chief 

Building  Research  Division 
Institute  for  Applied  Technology 
National  Bureau  of  Standards 


, r*iv  - •f;, " 

'•V  • 

s f ^ 

* t * . 

, iVf  > - > j-  ■ ',  • 1 

■ ■ . . 


, Cm-'.-.-fcS  .*'  ‘ T 


^}.l  V:  ;■■  VkI  1 *'  f> ’ f.  , j 

, *ji  :'-^'V  ' ' ''1-^ 

J^ftr 

14s#; * 

^rN  ^..  . ' . '■■  > ^;^ 


I? 


w. 


5q  i^^c  . i] 


. fe  ■ ■ - -.  Jt.. 


SI  Conversion  Units 


In  view  of  the  present  accepted  practice  in  this  country  for 
building  technology,  S,  units  of  measurement  have  been  used 

throughout  this  paper.  In  recognition  of  the  position  of  the  United 
States  as  a signatory  to  the  General  Conference  on  Weights  and  Measures, 
which  gave  official  status  to  the  metric  SI  system  of  units  in  1960, 
assistance  is  given  to  the  reader  interested  in  making  use  of  the 
coherent  system  of  SI  units  by  giving  conversion  factors  applicable 
to  U.  S.  units  used  in  this  paper. 

Length 

1 in  = 0.0254  meter  (exactly) 

1 ft  = 0.3048  meter  (exactly) 

Force 

1 lb  (Ibf)  = 4.448  Newtons  (N) 

Pressure 

1 lbf/£t^  = 47,88  N/m^ 

1 Ibf/in^  = 6894  N/m^ 

Temperature  ®C  = ^ (Temperature  °F  - 32) 
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abstract 

A series  of  structural  evaluation  tests  performed  on  components 
and  materials  intended  for  use  in  one.  of  the  Operation  BREAK- 
THROUGH housing  systems  is  described.  Four  samnles  o^  steel 
faced,  naper  honeycomb,  sandwich  panel  material  and  four  full 
size  prototype  roof  panels  were  evaluated. 

The  samples  of  s a nd wi ch  panel  material  were  used  to  evaluate 
the  variability  of  nanel  material  pronerties  and  the  effect 
oF  aging  on  tensile,  and  shear  strenc»th.  The  roof  panels  were 
used  to  determine  the  behavior  in  service  considering  the 
effects  of  adverse  environmental  conditions  on  ultimate  strength 
and  mode  of  failure.  In  addition,  the  performance  of  one  panel 
under  sustained  loading  was  evaluated. 


Key  Words:  Accelerated  aging:  adhesive  bond;  ductility; 

flexural  shear;  housing  systems:  local  buckling: 
material  variability;  moisture  conditioning; 
Operation  BREAKTI'R.OUGH ; paper  honeycomb;  structural 
s a n d v;  i c h ; sustained  load 
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Structural  Evaluation  oE  Steel  Faced 


Sandwich  Panels 

by 

J.  li.  Pielert 
T,  E\  Reichard 
L , V » Masters 

1.0  Introduction 

1.1  Descript  ion  o f System.  A housing  system  (figure  1) 

proposed  for  the  "Operation  BREAKTIIROUGM " program  of  the 
Department  of  Housing  and  Urban  Development  (sponsor)  utilizes 
factory-produced  sandv7lch  panels  for  roof,  floor  and  wall 
members.  The  wall  and  floor  panels  are  attached  to  a steel 
grade-beam  system  as  shown  in  figure  2.  The  floor  panels  are 
supported  along  the  edges  by  the  grade  beams  and  cold -formed 
steel  joists  spanning  between  the  grade  beams.  All 
panels  are  3-inches  thick;  the  roof  and  wall  panels  consist 
of  a 26-gage  (.0179  in.)  steel  sheet  bonded  to  each  side 
of  a resin-impregnated  paper  honeycomb  core  as  shown  in 
figure  3.  The  floor  panels  are  similar  except  that  the 
upper  surface  is  3/8  in.  ply\/ood.  Urethane  foam  is  pressed 
into  the  honeycomb  prior  to  final  assembly  to  improve  thermal 
properties.  ^-^ood  edge  men  hers  are  fastened  around  the 
peri’neter  of  the  panels. 

^•2  Scope  of  Evaluation.  One  phase  of  Operation  BREAKTKROUGrl 
is  an  evaluation  of  the  structural  adequacy  of  each  proposed 
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housing  system.  Two  basic  questions  r Guarding  structural 
performance  must  always  be  considered  when  evaluating  each 
system.  First,  is  it  structurally  safe:  and  second,  will 

the  structure  perforin  adequately  in  service? 

An  evaluation  of  the  housing  system  showed  the  roof 
p a n e 1 to  be  one  of  the  critical  e 1 e r.i e n t s in  m a 1 n t a i n - 
ing  structural  integrity  during  the  life  of  the  structure. 

The  panels  used  on  the  roof  are  stressed  higher  than  those 
used  in  the  floors  and  walls.  In  addition,  they  are  more 
s u s c e n t i.  b 1 e to  weathering  d a ’a  a g e- . This  is  because  no  roofing 
material  is  applied  to  the  steel  shin,  other  than  flashing 
and  sealants  at  the  panel  _i  n 1 n t s a n »;]  at  the  intersections  with 
t h e wall  pane  1 s . 

The  adhesive  bond  between  the  honeycomb  core  and  the 
steel  skins  is  important  in  maintaining  both  the  load  capacity 
(safety)  and  stiffness  of  the  structural  system  (serviceabil- 
ity). Many  adhesives  that  are  exposed  to  environmental  condi- 
tions, such  as  high  humidities  and  elevated  tpwmieratur  e 3 , are 
known  to  undergo  deterioration  resulting  in  decreased  bond 
strength.  This  process  is  referred  to  as  aging:  the  speed 

of  the  aging  process  is  frequently  d e p e n d e n t u n o n the  severity 
of  exposure  conditions.  To  evaluate  the  effect  of  environ- 
mental conditions  on  the  performance  of  the  panel  materials, 
small  specimens  were  exposed  to  conditions  more  severe  than 
those  actually  encountered  in  service  on  the  premise  that  the 
more  severe  conditions  will  serve  to  accelerate  the  aging 
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process.  A description  of  these  test  procedures  and  the 
results  are  included  in  Chapter  2, 

The  flexural  behavior  of  the  roof  panels  was  evaluated 
by  testing  to  determine  the  effect  of  moisture  conditioning 
on  the  structural  performance  of  the  panel.  A description 
of  these  test  procedures  and  the  results  are  included  in 
Chapter  3 . 


2.0  Panel  riaterial  Evaluation 
2.1  Scope.  In  evaluating  the  sandwich  panel  material  it 
was  assumed  that,  in  service,  moisture  would  accumulate  within 
the  panels  and  under  certain  conditions  the  temperature  of  the 
exterior  facing  of  the  roof  panels  would  approach  130°F  [1]— 

High  humidities,  in  combination  x>7ith  high  temperatures, 
are  especially  detrimental  to  adhesive  bonds  used  in  sandwich 
panels.  Therefore,  evaluation  of  the  panel  material  included 
a determination  of  the  effect  of  moisture  and  high  temperature 
on  strength. 

Four  samples  of  panel  material  were  evaluated.  All 
samples  were  fabricated  by  the  producer  and  were  similar 
except  for  the  adhesive  and  bonding  procedure  used  in  making 
the  panels . 

Sample  A was  a preliminary  design  bonded  with  a 
poly  (vinyl  acetate)  adhesive.  Test  specimens  were 


Numb e r s in  brackets  ind ica t e references  listed  a t the  end 
of  this  report . 
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f a b r i c a t e ri  to  the  required  size. 


Sample  3 was  a preliminary  design  bonrled  with  a 
neoprene -phenolic  contact  adhesive.  Test  specimens 
were,  fabricated  to  the  required  size. 

Sample  C was  cut  with  a fine-tooth  band  saw  from  a 
prototype  roof  panel  which  was  bonded  with  an  epoxy 
adhesive . 

Sample  D was  a wall  panel  taken  at  random  from  the 
production  line  w h i c h was  b o n d e d with  an  e p o x y 
adhesive.  Test  snecimens  were  cut  to  size  Trlth  a 
fine-tooth  band  saw. 

The  shear  (parallel  to  the  plane  of  the  sandwich)  and  flat- 
wise tensile  (normal  to  the  plane  of  the  sandwich)  strengths 
of  snecimens  taken  from  each  sample  were  determined  before 
and  after  accelerated  a q i.  n q . 

2 . 2 Test  P r o c e d 11  r e s 

2.2,1  Flexural  S ! t e a r Test  . T li  e s Ii  e a r strength  of  the 
honeycomb  cores  was  determined  by  ASTM  C 393-62  [2] 

using  quarter  point  loading.  The  specimens  were  6 in 
v7ide  X 23  in  long.  The  test  span  (13  in)  was  chosen  so 
that  failure  would  be  either  by  siiear  buckling  of  the 
core  or  by  shear  along  the  core-facing  interface. 

Figure  4 shows  the  test  setup  and  a specimen  following 
the  test.  The  rate  of  loading  w a s ci n p r o x 1 m a t e 1 y o n c - 
third  the  expected  maximum  load  per  minute. 
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The  shear  strength  values  determined  by  this  test 
method  will  be  approximately  those  determined  by  other 
methods  (for  example,  ASTM  C 273).  These  values  vary 
with  test  span,  thickness  of  core  and  facings  and  other 
test  variables.  One  such  variable  is  the  size  and 
thickness  of  the  plates  used  to  distribute  the  loads 
into  the  specimen  and  to  prevent  local  crushing  under 
the  load  points.  The  load  distribution  plates  used  in 
this  test  v;ere  6 x 2 x 1/4  indies  and  the  reaction  plates 
were  6 x 2 x 1/2  inches  and  oriented  as  shown  in  figure  4. 

2.2.2  Flatwise  Tensile  Test . The  test  method  of  A STM 
C 297-61  [2]  was  used  to  determine  the  flatwise  tensile 
strength  of  the  panel  material.  The  4 in  x 4 in  speci- 
mens were  tested  as  shown  in  figure  5.  The  steel  load- 
ing blocks  (2  in  thick)  were  bonded  to  the  specimen  v/ith 
a hot-melt  adhesive.  The  pull  rods  were  connected  to 
the  hydraulic  testing  madiine  through  spherical  seats. 

The  loading  rate  was  approximately  one-third  of  the 
expected  maximum  load  per  minute. 

The  purpose  of  this  test  is  to  determine  the  tensile 
strength  of  the  weakest  link  in  the  sandwich.  Thus,  the 
core  will  fail  if  the  tensile  strength  of  the  core  is 
less  than  the  tensile  strength  of  the  adhesive  bond. 


5 


The  purpose  of  this  study  was  to  determine  the 
mode  of  failure  as  well  as  the  strength  values  before 
and  after  accelerated  aging. 

2.2.3  Conditioning  and  Aging  of  Specimens . All  sneci- 
mens  were  tested  after  being  brought  to  equilibrium  with 
laboratory  conditions  (73°  ± 3°?  and  50  ± 3%  rh) . Half 
of  the  specimens  from  each  sample  were  stored  in  the 
laboratory  until  tested  while  the  other  half  were 
artificially  aged  using  the  standard  procedure  of  ASTM 
C 481-62,  Cycle  A [2]  before  testing. 

This  procedure  consists  of  6 repetitive  cycles  of 
warm  water  soaking,  steam  spraying,  freezing  and  dry- 
heating. Although,  this  arbitrary  procedure  is  widely 
used  in  evaluating  sandwich  materials  there  is  as  yet 
no  acceptable  correlation  with  natural  aging. 

It  was  arbitrarily  decided  by  the  investigators 
that  a 25  percent  loss  in  any  strength  property  as  a 
result  of  the  artificial  aging  was  highly  significant 
and  the  sample  would  be  rejected. 

2 . 3 Test  Results 

2.3.1  Accelerated  Aging  (ASTM  C 481) . Specimen  appear- 
ance after  the  aging  procedure  was  noted  with  significant 
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observations  as  follows: 


2 . 3 , 1 . 1 Sample  A . The  first  step  of  the  a^ing 
procedure  was  to  immerse  the  specimens  in  warm 
water  (120°F)  for  one  hour.  At  the  end  of  this 
step  all  specimens  from  Samnle  A V7ere  shoxizing  signs 
of  delamination.  Most  specimens  had  at  least  one 
facing  completely  delaminated  from  the  core. 

Figure  6 is  a picture  of  a flexural-shear  specimen 
(6  in  X 23  in)  after  v/ater  soaking.  The 
stresses  set  up  in  the  core  from  the  moisture 
expansion  were  sufficient  to  completely  separate 
the  facings  from  the  core.  Note,  in  this  photo- 
graph, that  the  core  had  expanded  until  it  was  about 
1 in  longer  than  the  facing.  Famnle  A material 
was  rejected  and  testing  terminated  because  the 
adhesive  was  water  soluble. 

2. 3. 1.2  Samples  B,  C,  and  D.  The  accelerated  aging 
procedure  darkened  the  color  of  the  paner  honeycomb, 
but  no  other  significant  changes  \^r ere  observed, 

2.3.2  Flexural  Shear  Test  Results  (ASTTl  C 39  3)  . T h e 
results  of  the  shear  tests  are  presented  in  table  1. 

The  core  in  the  sandwich  panels  is  oriented  (see  figure 
7)  so  that  the  core  shear  strengtli  in  the  "fJ"  direction 
is  the  critical  parameter.  [ ''W”  direction  indicates 
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that  the  paper  ribbons  of  the  core  run  perpendicular  to 
the  span  of  the  panel  , ] 

The  shear  strengths  and  the  relat ionship  between 
the  s t r eng ths  in  the  direction  and  the  ”L direction 

depend s to  a large  extent  on  the  shape  of  the  honeycomb 
cells . If  the  core  is  100  percent  expanded  in  the  sand- 
wich the  cell  shape  is  a true  hexagon  and  the  ’’W” / *'L*' 
shear  strength  ratio  would  be  approximately  0.6.  Most 
paper  honeycomb  sandwich  cores  are  either  over  or  under 
expand  ed  and  the  expans  ion  usually  varies  within  a panel . 
Thus , s ome  variability  of  core  strength  values  should  be 
expected  when  test ing  small  specimens  cut  from  the  same 
panel . 

The  primary  interest  in  this  evaluation  was  in  the 
direction  shear  values  and  in  the  ef feet  of  the 
aging  on  these  values  . 1 1 c an  be  seen  from  the  data  in 

table  1 that  the  shear  s t r eng th  of  the  unaged  core  in 
the  "W ” direction  varied  from  20.9  to  28.9  psi  and  that 
the  aging  reduces  this  strength  18  to  20  percent . 

All  the  flexural  shear  specimens  f ailed  by  shear 
buckling  of  the  core  indicat ing  that  the  strength  of 
the  adhesive  bond  was  suf f ic ient  to  develop  the  shear 
capacity  of  the  core.  (See  figure  4) 

2.3.3  Tensile  Test  Results  (ASTM  C 297) . The  tensile 
test  results  presented  in  table  2 show  a wide  var iance 
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in  the  tensile  strength  values  between  samples  and,  in 
the  case  of  Sample  C,  within  the  sample.  Observations 
made  following  each  test  helped  in  explaining  this 
variance. 

These  observations  as  well  as  the  strength  data 
indicate  that  the  specimens  of  Sample  C were  different 
from  those  of  Sample  D,  Essentially,  failure  occurred 
in  the  core  of  all  unaged  specimens  from  both  samples. 
However,  observations  indicated  that  the  adhesive  for 
Sample  D was  bonded  mostly  to  fibers  on  the  edges  of 
the  paper  core  (resulting  from  surface  sanding  of  core) 
rather  than  to  the  solid  portion  of  the  paper  as  it  was 
for  Sample  C.  It  can  be  concluded  that  the  actual  ten- 
sile strength  of  the  dry,  imaged  core  is  at  least  59 
psi,  but  that  because  of  the  fabrication  practice  should 
be  considered  to  be  no  more  than  35  psi. 

There  is  insufficient  data  to  properly  judge  the 
effect  of  the  aging  on  the  tensile  strength  of  the  core. 
However,  from  a comparison  of  the  Sample  C data  for 
aged  specimens  4 and  5 with  the  unaged  specimens,  it 
appears  that  the  aging  may  reduce  the  tensile  strength 
by  as  much  as  40  percent.  A comparison  of  the  Sample  B 
data  for  the  aged  with  the  unaged  specimens  indicate 
a reduction  of  only  24  percent  in  bond  strength. 

It  is  obvious  that  the  aging  had  little  if  any 
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effect  on  the  tensile  strength  of  the  adhesive  (neoprene- 
phenolic)  of  Sample  B.  It  is  also  obvious  that  the 
strength  of  the  adhesive  of  Samples  C and  D is  greater 
than  that  for  Sample  B.  However,  the  strength  of  the 
adhesive  bond  after  aging  was  less  for  Sample  C and  D 
than  for  B. 

Observations  made  on  the  Sample  C specimens  after 
the  tensile  tests  emphasize  the  effect  that  fabrication 
techniques  can  have  on  the  test  results.  Aged  specimens 
No.  1,  2 and  3 of  Sample  C had  been  taken  from  an  area 
of  the  panel  where  there  had  been  a relative  movement 
between  one  facing  and  the  core  during  mating.  This 
movement,  which  can  be  seen  in  figure  8,  ’’squeegeed"  the 
adhesive  in  front  of  the  cell  edges  so  that  the  areas 
behind  the  edges  were  starved  for  adhesive.  The  data 
for  these  three  specimens  indicate  a greatly  reduced 
bond  strength  as  a result  of  this  movement  during  fab- 
rication. 

Most  bond  failures  for  Samples  C and  D occurred  at 
the  interface  of  the  steel  facing  and  a primer  which  had 
been  applied  prior  to  application  of  the  adhesive.  Since 
significant  bond  failures  occurred  only  on  the  aged 
specimens  it  seems  reasonable  to  assume  that  the  dura- 
bility of  the  primer  bond  to  the  steel  is  the  weak  link 
in  the  system  and  not  the  adhesive.  However,  it  would 
appear  from  the  low  results  for  the  "squeegeed"  aged 
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speciraens  1,  2 and  3 of  Sample  C that  the  adhesive  does 

furnish  some  protection  for  the  primer. 

3.0  Structural  Testing  of  Full  Size  Roof  Panels 
A reliable  procedure  for  predicting  structural  behavior 
was  not  available  for  the  type  of  construction  in  the  roof 
panel.  Consequently,  a testing  program  was  undertaken  to  verify 
structural  performance.  Various  moisture  conditioning  pro- 
cedures were  used  to  simulate  in-service  conditions  since  the 
panel  may  be  susceptible  to  water  penetration  during  service 
life.  Four  prototype  production  panels  \^ere  obtained  from 
the  producer  and  three,  were  subjected  to  short-term  load 
testing  and  one  to  a 24-hour  sustained  load  test. 

3 . 1 Description  of  Moisture  Conditioning  Procedures  . Each* 
of  the  three  full-size  prototype  roof  panels  were  moisture 
conditioned  by  a different  procedure  before  being  subjected 
to  short-term  flexural  tests.  The  three  nrocedures  were: 

1.  50%  relative  humidity  at  73  ± 3®F  for  five  days. 

2.  95%  relative  humidity  at  73  ± 3®F  for  five  days  by 

storage  in  a fogroom  with  the  panel  draped  with  a 

plastic  film  to  prevent  the  deposition  of  liquid 

water. 

3.  Complete  submersion  in  a water  bath  at  73  ± 3®F  for 
7 days  and  a subsequent  9 day  drying  period,  under 
procedure  1 conditions  and  without  forced  air. 
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The  fourth  roof  panel  for  the  24-hour  sustained  load  test 
was  conditioned  using  procedure  1, 

3 . 2 Description  of  Test  Setups. 

3.2.1  Short-Term  Flexural  Test.  The  roof  panel  was 

2 / 

tested  in  the  horizontal  inverted—  position  with  an 
air  bag  sandwiched  between  it  and  a wood  support  placed 
on  the  laboratory  floor  as  shov/n  in  f igures  9 and  10  . 

The  support  members  were  3 in  x 3 1/2  in  wood  blocks  to 
s imu la t e the  actual  wall  support  condition.  The  overall 
panel  length  was  1 6 ft  0 in  and  inside-to-inside  d imension 
of  the  supports  was  1 3 ft  0 in . The  specimen  supports 
were  square  tubular  tie  down  beams  with  a roller  a t one 
end  and  a kni f e edge-  at  the  other.  Four  steel  bracing 
members  were  placed  between  supports  in  an  attempt  to 
simulate  lateral  restraint  provided  by  adjacent  panels 
to  the  edge  members  in  a completed  roof  s true ture . 

Three  linear  variable  differential  t r ans  f ormer s 
( LVDT ) were  placed  a t raidspan  to  record  vertical  move- 
ment with  one  over  each  edge  beam  and  one  at  the 
centerline  of  t c specimen.  X - Y recorders  p 1 o 1 1 e d 
air  bag  pressure  versus  raidspan  deflection. 

3.2.2  Twenty-Four  Hour  Sustained  Load  Test.  The  roof 
panel  was  tested  in  the  normal  position  vj  i t h sand  bags 

2 

'^Normal  position  refers  to  panel  orientation  in  service. 
Inverted  position  refers  to  panel  turned  upside  down. 
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applied  between  supports  as  shown  in  figures  11  and  12. 
The  overall  panel  length  was  16  ft  0 in  and  inside-to- 
inside  dimension  of  the  support  V7as  13  ft  0 in.  A 
single  deflectometer  was  placed  at  centerline  of  midspan 
to  record  vertical  movement. 

3 . 3 Description  of  Test  Procedure . All  loads  discussed 
under  testing  are  equivalent  applied  loads.  For  the  short 
term  tests  where  the  panels  are  tested  in  the  inverted  posi- 
tion, the  equivalent  applied  load  is  determined  by  taking  the 
applied  air  bag  load  minus  twice  the  panel  weight  minus  the 
x^eight  of  the  loading  apparatus.  The  equivalent  applied  load 
for  the  24-hour  sustained  load  test  is  the  actual  load  since 
the  panel  was  tested  in  the  normal  position. 

3.3.1  Short-Term  Flexural  Tests.  For  each  of  the  three 
short-term  tests  a preload  of  20  psf  was  applied  to  the 
panel  and  then  removed  in  order  to  "seat”  the  specimen 
in  the  test  fixture.  Load  x^7as  then  applied  in  5 psf 
increments  to  30  psf  and  then  removed.  Load  was  then 
applied  in  5 psf  increments  to  failure.  Deflection  read 
ings  were  taken  continuously. 

3*3.2  Tv7enty-Four  Hour  Sustained  Load  Test . Sand  bags 
were  distributed  uniformly  between  panel  supports  x^ith 
the  load  of  0.2  DEAD  + 1.5  LIVE  (0.2D  + 1 . 5L  = 45.7  psf) 
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Load  was  maintained  for  24  hours  and  removed.  Deflections 
were  periodically  recorded  during  the  24  hour  period, 
immediately  after  load  removal,  and  24  hours  thereafter. 

3 . 4 Test  Results  - Short  Term  Flexural  Tests 

3.4.1  Panel  Cond it ioned  by  Procedure  1.  This  panel 
failed  at  an  equivalent  applied  load  of  135  psf  with 
elastic  load-def lec t ion  behavior  up  to  failure.  The 
s p ec imen  was  then-  unable  to  sustain  any  significant 
load . Figure  1 3 shows  the  load-deflection  history  of 
the  midspan  LVDT’s  located  a t a side  beam  and  a t 

the  centerline . Failure  occurred  by  local  buckling 
(wrinkling ) of  the  compress ive  f ac ing  in  a straight  line 
transversely  across  the  panel  approximately  six  inches 
from,  and  parallel  to , a splice  in  the  honeycomb  core 
(see  f igur e 14 ) . 

3.4.2  Panel  Cond it ioned  by  Procedure  2.  This  panel 
failed  at  an  equivalent  applied  load  of  155  psf  with 
elastic  load-deflection  behavior  up  to  failure.  The 
specimen  was  then  unab 1 e to  sustain  any  s ignif ican t 
load  . Figure  1 5 shows  the  lo  a d-def  lectio  ri  history  of 
the  midspan  LVDT’s  located  a t t he  side  beam  and  a t the 
centerline . Failure  occurred  by  local  buckling  of  the 
compressive  facing  in  a straight  line  transversely  across 
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the  panel  at,  and  parallel  to,  a splice  in  the  honey- 
comb core  (see  figure  16). 

3.4.3  Panel  Conditioned  by  Procedure  3 (Soaked).  The 
panel  behaved  elastically  up  to  an  equivalent  applied 
load  of  30  psf  when  a sudden  drop  in  load  occurred  (see 
figure  17).  This  was  believed  to  be  caused  by  readjust- 
ment of  the  air  bag  with  the  increase  in  bag  volume 
resulting  in  a decrease  in  pressure.  The  panel  was 
again  able  to  take  load  linearly  with  respect  to  deflec- 
tion. 

Failure  occurred  at  an  equivalent  applied  load  of 
104  psf  and  was  apparently  initiated  by  fracture  at  a 
knot  in  the  edge  member  as  is  shown  in  figure  IS. 

This  was  followed  almost  immediately  by  a local  buckling 
of  the  compressive  facing  and  a complete  loss  of  load 
carrying  capability.  The  buckling  occurred  in  a straight 
line  transversely  across  the  panel  at,  and  parallel  to,  a 
splice  in  the  honeycomb  core  as  shown  in  figure  19. 

^•7ater  had  entered  the  panel  during  the  soaking 
period  at  the  wood  edge  members  and  traveled  along  the 
honeycomb  sheet  edges  and  splices.  The  panel  weighed 
207  pounds  before  placing  in  the  water  and  240  pounds 
on  the  day  of  test.  The  panel  was  taken  apart  after 
the  test  and  the  moisture  content  was  determined  on 
portions  of  the  material  taken  from  an  area  which 
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appeared  to  be  the  dampest  portion  of  the  panel.  This 


area  was  at  the  intersection  of  the  edge  member  and 


core  splice.  The  moisture  contents,  listed  below,  are 


on  oven-dry  (220®F)  weights. 


Foam  Insulation 


129% 


Honeycomb  Core 


41% 


White  Fir  Edge  Beam 


24% 


Inadequate  adhesive  bonding  between  the  honeycomb  and 
steel  facings  to  the  right  of  the  core  splice  is  evident 
in  figure  19.  It  apparently  was  caused  by  a difference 
in  the  thickness  of  the  two  adjacent  core  pieces. 

3 . 5 Test  Results  - Tv/enty-Four  Hour  Sustained  Load  Test.  A 
uniform  load  of  45.7  psf  (0 . 2D  + 1.5L)  was  applied  to  the 
panel  with  sand  bags  (D  = 3.5  psf;  L = 30  psf).  The  panel 
deflected  0.77  in  at  midspan  upon  load  application  and  in- 
creased to  0.81  in  after  24  hours.  The  residual  deflection 
immediately  after  removal  of  load  was  0.050  in  and  recovered 
to  0.037  in  after  24  hours.  Figure  20  shox\'^s  this  time- 
deflection  history. 

4.0  Discussion  of  Results 

^ ^ Test  Performance  of  Roof  Panels . It  was  computed  that 
the  shear  stress  in  the  roof  panel  x«7ith  a live  load  of  30 
psf  would  be  6.5  psi  neglecting  the  contribution  from  the 
edge  members.  The  method  of  attaching  the  edge  members  to 
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the  panel  (stapling)  did  not  appear  sufficient  to  justify 
computations  assuming  composite  behavior. 

The  measured  shear  strength  for  the  unaged  specimens  of 
Sample  C and  D averaged  about  23.9  psi.  Aging  reduced  the 
strength  to  about  19.7  psi  (Sample  C).  These  strengths 
appear  to  be  adequate  when  compared  with  the  computed  6.5  psi 
shear  stress  for  the  30  psf  roof  load.  However,  these 
strengths  were  obtained  in  dry  specimens  when  in  fact  it  must 
be  assumed  that  the  co-re  will  be  damp  at  some  time  in  service. 

Jenkinson  [3]  and  others  have  shov;n  that  honeycomb  simi- 
lar to  that  used  in  this  panel  material  will  lose  about  50 
percent  of  its  dry  (50  percent  rh)  shear  strength  when  con- 
ditioned at  100  percent  rh.  Thus,  the  shear  strength  of  the 
core  when  reduced  50  percent  for  dampness  would  be  12  psi  for 
the  unaged  and  9.9  psi  for  the  aged  core. 

The  above  discussion  shows  how  the  shear  capacity  of 
the  core  in  the  roof  panel  wouJ. d affect  its  load  carrying 
capacity.  However,  the  flexural  tests  on  the  full-size  roof 
panels  indicate  that  the  shear  capacity  of  the  core  is  not  a 
controlling  factor  and  that  the  edge  members  do  contribute  to 
the  flexural  strength  of  the  panel.  The  three  roof  panels 
tested  to  failure  v/ith  short-term  uniform  loads  show  that  the 
failure  mode  is  facing  buckling  rather  than  shear.  This  means 
that  the  tensile  (or  compressive)  strength  of  the  panel  mate- 
rials in  the  flatxijise  plane  is  the  controlling  factor  in  the 
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roof  panel.  The  conputed  test  siiear  stress  for  the  soa’'ea 
roof  panel,  assuming  no  edge  members,  was  18.8  psi  at  the 
failure  load  of  104  psf.  This  computed  stress  when  comp area 
with  the  12  psi  shear  strength  for  v;et  unaged  core  indicates 
that  the  edge  members  contribute  at  least  36  percent  to  the 
shear  resistance  of  a damp  roof  panel.  The  same  type  of 
comparison  indicates  that  tlie  edge  members  contribute  only 
about  10  percent  to  the  shear  resistance  of  the  dry  panels. 
However,  these  roof  panel  tests  did  not  reveal  the  effects 
of  aging  or  variability  in  the  properties  of  the  panel 
material. 

The  minimum  failure  load  of  104  psf,  for  these  panels, 
when  adjusted  down  for  the  aging  effect  of  24  percent  (see 
section  2.3.3)  is  79  psf, 

A variability  factor  (v)  of  0.41,  computed  from  the  tensile 
test  data  for  Samples  C and  D,  could  be  used  because  of  the 
failure  mode  in  all  the  full-scale,  roof-panel  tests.  Adjust- 
ing the  load  capacity  of  tlie  wet  and  aged  roof  panel  (79  psf) 
for  this  variability  reduces  the  rated  capacity  to  49  psf 
[79  ( Y ^ ) ] . ~ ^ This  variability  factor  of  0.41  may  be 

conservative,  but  present  knowledge  concerning  loc^ilized 
buckling  failure  in  sandwich  panels  is  insufficient  to  justify 

3 

Assuming  a normal  distribution,  the  requirement  that  struc- 
tures be  designed  for  an  overcapacity  of  (1  + 1.5v)  times 
the  required  capacity  would  mean  that  approximately  95  per 
cent  of  that  population  of  structures  would  have  at  least 
the  factored  load  capacity. 


18 


a lower  value. 


The  sponsor  recommends  that  the  design  ultimate  load  be 
1.4D  + 1.7L  after  allowance  for  aging,  environmental  effects 
and  variability.  From  the  discussion  above  and  this  recommen- 
dation the  design  live  load  should  not  exceed  26  psf. 

Normally  it  is  expected  that  a structural  component  will 
exhibit  some  ductility;  that  is,  support  a significant  load 
while  undergoing  inelastic  deformation.  This  was  not  exhibited 
by  these  sandwich  roof  panels. 

The  sudden  buckling  failure  which  occurred  near,  and 
parallel  to,  the  core  splice  was  typical  for  all  short-term 
flexural  panels  and  appeared  to  be  in  part  caused  by  inadequate 
adhesive  bonding  between  the  honeycomb  and  steel  facings.  This 
inadequate  bond  was  apparently  caused  by  a difference  in  the 
thickness  of  the  two  core  pieces  and  is  an  indication  of  a 
quality  control  concern.  As  a result,  it  was  recommended  either 
(1)  core  splices  be  eliminated  by  using  full  length  core 
sheets;  or  (2)  core  material  be  chosen  for  consistent  thick- 
ness and  splices  made  such  that  the  shear  strength  of  the 
splice  and  that  of  the  bond  near  the  splice  be  equal  to  that 
of  the  honeycomb  core  without  a splice. 

5.0  Summary  and  Conclusions 
This  report  describes  a series  of  structural  evaluation 
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tests  performed  on  components  and  materials  intended  for  use 
in  one  of  the  Operation  BREAkTKROUCII  housing  systems.  Four 
saiaples  of  steel  faced,  paper  honeycomb,  sandwich  panel  mate- 
rial and  four  prototype  roof  panels  were  evaluated. 

The  samples  of  sandwich  panel  material  were  used  to 
evaluate  the  variability  of  panel  material  properties  and 
the  effect  of  aging  on  tensile  and  shear  strengths.  The  roof 
panels  were  used  to  determine  the  behavior  in  service  con- 
sidering the  effects  of  adverse  environmental  conditions  on 
ultimate  strength  and  mode  of  failure.  In  addition,  the 
performance  of  one  panel  under  sustained  loading  was  evaluated. 

The  follov;ing  conclusions  can  be  made  from  the  test 
results: 

1.  The  roof  panels,  when  loaded  uniformly,  xjill  fail 
in  flexure  rather  than  in  shear  even  v/hen  the  core 
is  damp. 

2.  The  uniformly  loaded  roof  panels  failed  suddenly 
by  local  buckling  of  the  compressive  skin  and 
exhiibited  very  little  ductility. 

3.  The  flatw’ise  tensile  strength  of  the  sand\/ich  panel 
material  is  a controlling  factor  in  1 1 i e strength  of 
the  roof  panels. 

4.  Aging  of  the  sandwich  panel  materials  reduced  the 
tensile  strength  24  percent. 

5.  The  coefficient  of  variability  for  the  tensile 
strength  of  the  small  s n e c i m c n was  41  percent. 


a lower  value . 


The  sponsor  recommends  that  the  design  ultimate  load  be 
1.4D  + 1.7L  after  allowance  for  aging,  environmental  effects 
and  variability.  From  the  discussion  above  and  this  recommen- 
dation the  design  live  load  should  not  exceed  26  psf. 

Normally  it  is  expected  that  a structural  component  will 
exhibit  some  ductility;  that  is,  support  a significant  load 
while  undergoing  inelastic  deformation.  This  was  not  exhibited 
by  these  sandwich  roof  panels. 

The  sudden  buckling  failure  which  occurred  near,  and 
parallel  to,  the  core  splice  was  typical  for  all  short-term 
flexural  panels  and  appeared  to  be  in  part  caused  by  inadequate 
adhesive  bonding  between  the  honeycomb  and  steel  facings.  This 
inadequate  bond  was  apparently  caused  by  a difference  in  the 
thickness  of  the  two  core  pieces  and  is  an  indication  of  a 
quality  control  concern.  As  a result,  it  was  recommended  either 
(1)  core  splices  be  eliminated  by  using  full  length  core 
sheets;  or  (2)  core  material  be  chosen  for  consistent  thicl:- 
ness  and  splices  made  such  that  the  shear  strength  of  the 
splice  and  that  of  the  bond  near  the  splice  be  equal  to  that 
of  the  honeycomb  core  without  a snlice. 

5.0  Summary  and  Conclusions 
This  report  describes  a series  of  structural  evaluation 
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tests  performed  on  components  and  materials  intended  for  use 
in  one  of  the  Operation  oREAKTKROUGH  housing  systems.  Four 
saiaples  of  steel  faced,  paper  honeycomb,  sandwich  panel  mate- 
rial and  four  prototype  roof  panels  were  evaluated. 

The  samples  of  sandwich  panel  material  were  used  to 
evaluate  the  variability  of  panel  material  properties  and 
the  effect  of  aging  on  tensile  and  shear  strengths.  The  roof 
panels  were  used  to  determine  the  behavior  in  service  con- 
sidering the  effects  of  adverse  environmental  conditions  on 
ultimate  strength  and  mode  of  failure.  In  addition,  the 
performance  of  one  panel  under  sustained  loading  was  evaluated. 

The  following  conclusions  can  be  made  from  the  test 
results:  ^ ^ 

1.  The  roof  panels,  when  loaded  uniformly,  xjill  fail 
in  flexure  rather  than  in  shear  even  v/hen  the  core 
is  damp. 

2.  The  uniformly  loaded  roof  panels  failed  suddenly 
by  local  buckling  of  the  compressive  skin  and 
exliibited  very  little  ductility. 

3.  The  flatv;ise  tensile  strength  of  the  sand\;ich  panel 
material  is  a controlling  factor  in  t hi  e.  strength  of 
the  roof  panels. 

4.  Aging  of  the  sandwich  panel  materials  reduced  the 
tensile  strength  24  percent. 

5.  The  coefficient  of  variability  for  the  tensile 
strength  of  tlie  small  snecimcii  was  41  percent. 


This  includes  variability  in  the  adhesive  bond  as 
effected  by  fabrication  techniques. 

6.  The  maximum  uniform  load  v/hich  a wet  and  a.qed  roof 
panel  should  be  expected  to  support  is  49  psf. 

7.  A wet  and  aged  roof  panel  will  meet  the  sponsor’s 
recommendations  for  26  psf  live  load  using  a variabil- 
ity of  0.41  which  may  be  conservative. 

8.  Defects  in  the  wood  edge  members,  such  as  large 
hnots,  may  affect  the  load  capacity  of  the  roof 
panels  . 

9.  The  long-term  performance  of  the  panel  material 
would  be  affected  by  the  following  quality  control 
i t ems ; 

a.  Thickness  of  adhesive  relative  to  the 
condition  of  the  edges  of  the  paper  honeycomb  core. 

If  the  edges  of  the  core  has  been  roughened  by 
sanding  or  some  other  method  prior  to  lamination 
the  adhesive  may  have  to  be  thicker  in  order  to 
bond  to  the  solid  portion  of  the  paper. 

b.  Relative  novement  between  facing  and  core 
during,  or  after,  lamination.  This  movement  will 
"squeegee"  the  a d Ii e s 1 v e a a y from  one  side  of  the 
core  cell  edge:. 

c.  The  bond  between  the  primer  and  the  basic 
steel  sheet. 
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d.  Difference  in  thickness  between  two  pieces 
of  core  used  in  the  same  panel.  The  thicker  piece 
prevents  good  contact  of  the  thinner  piece  with  the 
adhesive . 
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Table  lo  Flexural  Shear  Test  Results 


OJ 

-d 

44 

}4 

CO 

O 

rH 

44 

d 

o 

1-4 

•H 

0} 

1-4 

d 

1-4 

cu 

CO 

a. 

u 

u 

CO 

cu 

O. 

CL. 

d 

d 

cO 

co 

QJ 

cu 

0 

»4 

Q) 

O 

o 

U 

o 

o 

O 

O 

cu 

cu 

rd 

rd 

rO 

44 

44 

B 

o 

<44 

<44 

o 

o 

O 

Q) 

CO 

CO 

C 

d 

d 

O 

o 

o 

rfl 

wQ 

rd 

Xi 

rd 

<44 

•p4 

•H 

o 

$4 

GO 

C 

(U 

CU 

a 

a, 

r-H 

cO 

CO 

a 

cu 

o 

3 

cu 

cu 

rC 

rd 

44 

44 

^4 

CO 

44 

44 

cu 

CO 

o 

CO 

.c 

rd 

d 

rd 

to 

44 

cu 

44 

B 

CO 

•H 

CO 

rO 

<u 

o 

CU 

44 

cu 

44 

na 

CO 

a. 

CO 

(U 

o 

CO 

O 

1-4 

•p4 

•H 

•H 

cu 

cO 

d 

rd 

d 

<44 

•H 

44 

•H 

CO 

d 

<44 

d 

d 

o 

O 

o 

CD 

*H 

•r4 

s 

44 

rd 

44 

•H 

O 

44 

O 

o 

CU 

GO 

CU 

Q) 

i4 

d 

Cl 

a 

•i4 

OJ 

•H 

CO 

TO 

«-4 

TJ 

rH 

- 

- 

r— 1 

h4 

Is 

c 

rH 

CVJ 

CO 

to  the  length  of  the  specimen 


Table  2,  Tensile  Test  Results 


Sample 

Specimen 

Aged  Specimens 

Unaged  Specimens 

Tensile  Strength 
psi 

Failure  Mode'*’ 

Tensile  Strength 
psi 

Failure  Mode'*' 

B 

1 

32.2 

100%  Bond 

31.5 

100%  Bond 

2 

26.0 

100%  Bond 

33.8 

100%  Bond 

3® 

32.6 

100%  Bond 

33.5 

100%  Bond 

4^ 

31.4 

100%  Bond 

28.0 

100%  Bond 

5^ 

31.6 

100%  Bond 

27.0 

100%  Bond 

Average 

31.0 

31.0 

C 

1 

9.1" 

90%  Bond 

50.0 

5%  Bond 

2 

10.0^ 

75%  Bond 

74.7 

5%  Bond 

3 

22.5^ 

407o  Bond 

54.0 

57o  Bond 

4^ 

33.4 

10%  Bond 

— 

5^ 

37.1 

1%  Bond 

— 

Average 

22.4 

59.6 

D 

1 

22.6 

35%  Bond 

36.3 

0%  Bond 

2 

23.0 

50%  Bond 

26.3 

0%  Bond 

3 

28.3 

65%  Bond 

38.8 

0%  Bond 

4 

23.1 

50%  Bond 

46.3 

0%  Bond 

5 

39.7 

60%  Bond 

31.6 

0%  Bond 

Average 

27.3 

35.9 

^Bond  failure  generally  was  at  the  primer-bonderized  steel  interface 
except  for  Sample  B specimens  where  the  adhesive  failed  cohesively. 

2 

Specimen  cut  from  flexural  shear  specimen. 

Specimen  was  cut  from  an  area  of  the  panel  where  there  had  been 
relative  movement  between  the  core  and  one  facing  during  fabri- 
cation, This  movement  had  "squeegeed"  the  adhesive  so  that 
certain  areas  were  starved  for  adhesive.  (See  Fig.  8) 


Fig.  1.  Prototype  house 
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Fig.  2.  Structural  Isometric  of  Housing 
Systems 


Paper  Honeycomb  Core 


Metal  Structural 
Facings 


Insulating  Foam 


Flexural  shear  test 
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Fig.  6.  Sample  A specimen  following  1-hour 
soak  in  120®F  water. 
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Fig.  7.  Hexagonal  Honeycomb  Orientation 


Movement  During 
Fabrication 


Fig,  8.  Facings  from  Sample  C specimens 
following  tensile  test. 
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Fig.  9,  Schematic  of  test  setup  for  short-term 
flexural  tests  on  full-size  roof 
panels. 


Fig.  10,  Short-term  fle^ral  test  on  full- 
size  roof  panel. 


DEFLECTOMETER 


Fig.  11.  Schematic  of  sustained-load  test 
full-size  roof  panel. 
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Fig.  13.  Short-term  flexural’  results  on 

specimen  conditioned  by  Procedure  1. 
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Fig,  14.  Portion  of  short-term  flexural  speci- 
men conditioned  by  Procedure  1 
showing  buckling  of  compressive  facin 
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Portion  of  short-term  flexural  speci- 
men conditioned  by  Procedure  2 
showing  buckling  of  compressive  facing 


Fig.  16. 
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Fig.  17.  Short-term  flexural  test  results  on 
specimen  conditioned  by  Procedure  3, 
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Fig,  19,  Portion  of  short-term  flexural 

specimen  conditioned  by  Procedure 
showing  buckling  of  compressive 
facing. 
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Fig.  20.  Sustained-load  test  results  on 

specimen  conditioned  by  Procedure  1 
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